One new megastigmane glycoside, ficalloside (1), and eleven known compounds, were isolated from methanol extract of Ficus callosa leaves by repeated column chromatography. Their structures were established on the basis of spectral and chemical evidence. The antioxidant activities of these compounds were measured using the oxygen radical absorbance capacity (ORAC) assay. Compound 8 exhibited potent antioxidant activity of 10.6 μM trolox equivalents at the concentration of 2 μM. At this concentration, compounds 4-7 and 9-12 showed significant antioxidant activity with ranging of 2.1~6.1 μM trolox equivalents.
Ficus Linn. (Moraceae) is a large genus of flowering plants with about 800 species of deciduous trees, hemiepiphytes shrubs, and climbers occurring in tropical and subtropical regions of both hemispheres. The genus is remarkable for the large variation in the habits of its species [1] . Ficus callosa Willd is a large tree with no aerial roots and native in southeastern Asia. The plants have hoary; warted branchlets; and rigid, leathery, and elliptical leaves. To date, no studies on the chemical and bioactivities of this plant have been done. In our screening project for antioxidative agents from natural sources, we found F. callosa to possess antioxidative effects. As a part of our continuing research to elucidate the biological activities of this plant, we report herein the isolation, structural elucidation, and evaluation of the antioxidant activity of a new megastigmane glycoside, ficalloside (1) , and eleven known compounds (Figure 1 ) from the methanol extract of the F. callosa leaves.
Compound 1 was obtained as an amorphous powder and its molecular formula was determined to be C 24 δ 1.19 (3H, d, J = 6.5 Hz), and two anomeric protons at δ H 4.50 (1H, d, J = 7.5 Hz) and 5.40 (1H, d, J = 1.5 Hz) suggesting the presence of two sugar units, as listed in Table 1 . The 13 C NMR and DEPT spectra revealed 24 carbon signals, of which 13 were assigned to a megastigmane moiety and the remaining to the two monosaccharide moieties. The aglycone of 1 was concluded to be megastigman-5-en-3,9-diol [2] . The chemical shift of H-8 (δ H 1.49) in the aglycone confirmed the 9R configuration with presence of a hydroxyl group at C-9 by comparing with the corresponding data of the (3R,9S)-megastigman-5-en-3,9-diol 3-O-β-D-glucopyranoside [3] (δ H 1.45 and 1.53) and (3R,9R)-megastigman-5-en-3,9-diol 3-O-β-Dglucopyranoside (δ H 1.49) [3] . Moreover, the configuration at C-3 was identified to be R by comparing chemical shifts at C-2 (δ C 47.6), C-3 (δ C 73.3), and C-4 (δ C 39.8) with those of foliasalacioside E 1 [4] [δ C 46.3 (C-2), 74.5 (C-3), and C-4 (41.5)] and linarionoside A [2] [δ C 47.5 (C-2), 73.3 (C-3), and 39.8 (C-4)]. On the other hand, the cross peaks between H-13 (δ H 1.66) and C-4 (δ C 39.8)/C-5 (δ C 125.1)/C-6 (δ C 138.6) and between H-11 (δ H 1.06)/H-12 (δ H 1.09) and C-1 (δ C 38.7)/C-2 (δ C 47.6)/C-6 (δ C 138.6) in heteronuclear multiple bond correlation (HMBC) spectrum confirmed positions of the two tertiary methyl groups at C-1 and the double bond at C-5/C-6. Furthermore, acid hydrolysis of 1 revealed D-apiose and D-glucose as sugar components (see Experimental). The 13 C-NMR spectral data of 1 showed the presence of one β-apiofuranosyl [8] and one β-glucopyranosyl moieties. The HMBC correlations between the glc H-1′ (δ H 4.50) and C-3 of the aglycone (δ C 73.3); api H-1′′ (δ H 5.40) and glc C-2′ (δ C 78.9); and between glc H-2′ (δ H 3.35) and api C-1′′ (δ C 110.6) indicated the sequence of sugar linkages and location of the sugar part at C-3 of the aglycone of 1. This was also supported by the good agreement of 13 C-NMR chemical shifts for the sugar moieties with those of megastigmane glycosides from Trifolium alexandrinum [5] . Consequently, a new structure (3R,9R)-megastigman-5-en-3,9-diol 3-O-β-D-apiofuranosyl-(1→2)-β-D-glucopyranoside was determined for 1, named ficalloside.
NPC Natural Product Communications
The other compounds were characterized as linarionoside
, glucotricin (10) [6g], luteolin (11) [6h], and rhoifolin (12) [6i] by detailed analyses of their 1D and 2D NMR data in comparion with literature values. All compounds were first isolated from this genus.
The antioxidant capacities of all isolated compounds were measured by ORAC assay. With regard to peroxyl radicalscavenging activity, (1'R,2'R)-guaiacyl glycerol (8), showed the most potent activity among twelve compounds. Other compounds as four lignans (4-7) and four flavonoids (9-12) exhibited significant antioxidant activity, while three megastigmane glycosides (1-3) showed weak or no activity when compared with that of positive control, trolox ( Figure 2 ). Our results suggest that hydroxyl groups on benzene ring may contribute to peroxyl radical-scavenging activity by donating hydrogen atoms to peroxyl radicals. We next tested reducing capacity of all compounds by measuring the concentration of Cu (I) ions. Compounds 8 and 11 showed meaningful reducing capacity of copper (II) ions (Figure 3 ). The above results indicated that (1'R,2'R)-guaiacyl glycerol (8) and luteolin (11) appeared as strong antioxidants to donate their hydrogens and electrons to peroxyl radicals and Cu (II) ions, respectively. All compounds showed very weak metal chelating activity.
Experimental
General: Optical rotations were determined on a Jasco DIP-370 automatic polarimeter (Jasco, Tokyo, Japan). EI-MS was performed on an AGILENT 1200 Series LC-MSD Trap spectrometer (Agilent Technologies, Palo Alto, CA). The high resolution mass spectra were obtained using a Varian 910 FT-ICR mass spectrometer. The 1 H NMR (500 MHz) and 13 C NMR (125 MHz) spectra were recorded on a Bruker AM500 FT-NMR spectrometer and TMS was used as an internal standard. GC spectra were recorded on a Shidmazu-2010 spectrometer (Shimadzu, Kyoto, Japan). Acid hydrolysis of 1: Compound 1 (2.0 mg) was dissolved in 1.0 N HCl (dioxane-H 2 O, 1:1, v/v, 1.0 mL) and then heated to 80°C in a water bath for 3 h. The acidic solution was neutralized with silver carbonate and the solvent thoroughly driven out under N 2 gas overnight. After extraction with CHCl 3 , the aqueous layer was concentrated to dryness using N 2 gas. The residue was dissolved in 0.1 mL of dry pyridine, and then L-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 mL) was added to the solution. The reaction mixture was heated at 60°C for 2 h, and 0.1 mL of trimethylsilylimidazole solution was added, followed by heating at 60°C for 1.5 h. The dried product was partitioned with n-hexane and H 2 O (0.1 mL, each), and the organic layer was analyzed by GC: Column: column of SPB-1 (0.25 mm × 30 m); detector FID, column temp 210°C, injector temp 270°C, detector temp 300°C, carrier gas He (2.0 mL/min). The retention times of persilylated glucose and apiose were founded to be 14.11 and 6.70 min, respectively, when compared with the standard solutions prepared by the same reaction from the standard monosaccharides. The retention times of persilylated D-glucose, L-glucose, D-apiose, and L-apiose were 14.11, 14.26, 6.70 and 6.95 min, respectively.
Oxygen radical absorbance capacity assay:
The assay was carried out on a Tecan GENios multi-functional plate reader (Tecan, Salzburg, Austria) with fluorescent filters using excitation and emission wavelengths of 485 nm 535 nm, respectively. In the final assay mixture, 40 nM fluorescein was used as a target of free radical attack with either 20 mM 2,2-azobis dihydrochloride (AAPH) as a peroxyl radical generator in a peroxyl radical-scavenging capacity (ORAC ROO· ) assay [7a] . Trolox (1 μM) was used as control standard and prepared fresh daily. The analyzer was programmed to record the fluorescence of fluorescein every 2 min after addition of AAPH or H 2 O 2 -CuSO 4 . All fluorescence measurements were expressed relative to the initial reading. Final results were calculated based on the difference in the area under the fluorescence decay curve between the blank and each sample. ORAC ROO· was expressed as micromoles of Trolox equivalents (TE). One ORAC unit is equivalent to the net protection area provided by 1 μM of Trolox. The results represent the mean±S.D. of values obtained from three measurements.
Determination of reducing capacity:
The reducing abilities of isolated compounds were determined according to the method of Aruoma et al [7b] . The forty micro-liters of different concentrations of the compounds in distilled water were mixed with 160 µL of the mixture containing 0.5 mM CuCl 2 and 0.75 mM neocuproine in 10 mM phosphate buffer, pH 7.4. The absorbance was measured with a micro-plate reader at 454 nm for 1 hr. Increased absorbance of the reaction mixture indicates increased reducing power.
Metal chelating activity:
The metal chelating activities of isolated compounds were measured by the competitive binding procedure of Agirova and Ortherth [7c]. One hundreds micro-liters of different concentration of the compounds were mixed with 100 μL of 0.1 μM CuSO 4 . After one hundreds micro-liters of mixture solution was added to 100 μL of 0.1 μM calcein, the fluorescence of mixture solution was measured using a Tecan GENios multi-functional plate reader (Salzburg, Austria) with fluorescent filters (excitation wavelength: 485 nm and emission filter: 535 nm) and compared to the fluorescence intensity of control which contained only calcein.
